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(54) AN HVAC SYSTEM AND RELATED METHODS

(57) A method of controlling an HVAC system (10)
that comprises least one flow regulator (16), an electro-
mechanical actuator (20), one or more sensors (34) as-
sociated with the actuator, and a controller (32) opera-
tively connected with the actuator and with the sensors.

The method includes the steps of actuating the flow reg-
ulator, receiving signals from the sensors, and determin-
ing an actual or forthcoming malfunction based on the
signals. It is determined whether the malfunction is in the
actuator or the flow regulator.
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Description

Field of the Disclosure

[0001] The present disclosure relates to the field of
HVAC (Heating, Ventilation, Air Conditioning) systems,
and in particular to diagnosing operation of electronically
controlled flow regulators within HVAC systems.

Background to the Disclosure

[0002] HVAC systems installed in buildings or other
installations are expected to achieve high standards of
safety and reliability. HVAC systems also contribute to a
building’s fire safety. Monitoring and testing of the system
is important for maintaining reliability and safety stand-
ards. Laws often require regular checks to be carried out
on the system’s performance.
[0003] One aspect of monitoring and testing a HVAC
system concerns the functionality of electronically con-
trolled flow regulators, e.g. valves and dampers, that reg-
ulate flow of fluids (gases and/or liquids, such as air
and/or water). The efficiency and safety of the system
may depend on the regulators functioning correctly. Fire
dampers are examples of electronically controlled regu-
lators intended to close off air passages in the HVAC
system in the event of a fire, to avoid fire and smoke
spreading in a building via the HVAC system. Smoke
control dampers are examples of electronically controlled
regulators similarly intended to open to allow extraction
of smoke and fumes through a ventilation duct. Testing
can verify whether such dampers do function as required,
close tightly and open properly. Other electronically con-
trolled regulators are also important to everyday ventila-
tion, heating and air conditioning.
[0004] When a malfunction occurs in a HVAC flow reg-
ulator, diagnosing the cause is complicated, especially
when the regulator is assembled from multiple operating
parts or units that interact, such as flow-controlling parts
in the fluid path, electro-mechanical parts, and operating
sensors. Since different component units of the regulator
are often the responsibility of, or need the skills of, dif-
ferent specialists, corrective action can only be carried
out once it is determined properly where the fault lies.
The problem is further exacerbated if the electronically
controlled flow regulators are placed in locations making
physical access to the regulators difficult, which is not
infrequent.
[0005] If checks are carried out relatively infrequently
(for example, every 6 or 12 months), a malfunction may
occur that is not detectable for a long time, potentially
creating a hidden safety hazard. In addition to solving
problems for regulators that have malfunctioned, a fur-
ther technical challenge relates to identifying electroni-
cally controlled regulators that present risk of failing in
the future. Diagnosing potential future faults, and asso-
ciated causes for the potential faults, especially in regu-
lators constructed from multiple component units, adds

further technical complexity.
[0006] It would be desirable to address and/or mitigate
one or more of the issues described above.

Summary of the Disclosure

[0007] Aspects of the disclosure are identified in the
claims.
[0008] A first aspect of the invention provides a method
of controlling an HVAC system comprising:

- at least one flow regulator comprising an actuatable
element for regulating fluid flow in a fluid path;

- an electro-mechanical actuator associated with the
flow regulator, to actuate the fluid flow regulator,
wherein the actuator comprises an electric motor
driving a movable output member;

- one or more sensors associated with each actuator,
wherein the sensors are chosen from the group con-
sisting of load sensors, force sensors, torque sen-
sors, current sensors, voltage sensors, power sen-
sors, speed sensors and position sensors;

- a controller operatively connected with the actuator
and the sensor(s);

wherein the method comprises the steps of:

i. actuating the flow regulator;
ii. receiving signals from the one or more sensors;
iii. determining an actual or forthcoming malfunction,
based on the signals received in step ii.;
iv. indicating said actual or forthcoming malfunction
to an operator of said HVAC system;

characterized in that it is distinguished in step iv. between
an actual or forthcoming malfunction of:

- the actuator; and

- the flow regulator.

[0009] Such a method permits self-diagnosis of the
malfunction (actual or forthcoming) by the controller. By
distinguishing between a malfunction of the actuator or
the flow regulator, the task of corrective action to repair
or mitigate the malfunction is made much easier. De-
pending on whether the fault is caused by the flow reg-
ulator, or by the actuator, the appropriate specialist (e.g.
a person and/or a machine and/or a robot) for the respec-
tive unit can repair, replace, or perform other mainte-
nance on the appropriate unit, and/or record the fault in
appropriate technical documentation.
[0010] This may be especially, but not exclusively, use-
ful when the flow regulator and the actuator operate to-
gether as an integrated unit, but originate from different
manufacturers, for example, in an OEM (Original Equip-
ment Manufacturer) production process. The flow regu-
lator and the actuator may then be the responsibility of,
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or need the skills of, different specialists after manufac-
ture.
[0011] The ability to self-diagnose actual and forth-
coming malfunctions can contribute significantly to the
safety (e.g. fire safety) of a building in which the HVAC
system is installed. The performance of the actuator and
the flow regulator can be monitored as frequently as de-
sired, e.g. in parallel with normal operation in some em-
bodiments. Also, forthcoming malfunction can be diag-
nosed and remediated in advance.
[0012] A yet further advantage of self-diagnosis is that
it may provide an operator with important information as
to whether the HVAC system is correctly set-up and/or
dimensioned. For example, the information may enable
the operator to optimise the HVAC system towards better
cost structure and/or desired reliability.
[0013] As used herein, the term flow regulator may be
any device for adjusting an orifice to regulate fluid flow
in a flow path, for example, a damper, a flap, or a valve.
The flow regulator may be of type having two discrete
states, for example, open and closed; or the flow regu-
lator may of a type having three or more discrete states,
for example, open, closed and one or more intermediate
states; or the flow regulator may be of a type that defines
a continuously variable orifice size, for example contin-
uously variable between fully open and fully closed. The
actuatable part of the flow regulator may, for example,
be any movable element such as a damper blade, a valve
ball, valve plug, valve flap, etc.
[0014] In some embodiments, a lever mechanism may
operatively connect the output member of the actuator,
and the flow regulator. Other types of mechanisms, or
direct or indirect couplings between the actuator and the
flow regulator may alternatively be used, as desired.
[0015] In some embodiments, the actual or forthcom-
ing malfunction of the flow regulator is chosen from a
group comprising, preferably consisting of, a worn-out
bearing; a deficiently fixed bearing; a worn-out gasket; a
distorted damper sleeve; a broken damper blade; block-
age of the actuatable part of the flow regulator, for ex-
ample, caused by a foreign object or caused by excessive
contamination of, or excessive pollution of, the medium
in the flow path.
[0016] Additionally or alternatively, in some embodi-
ments, the actual or forthcoming malfunction of the ac-
tuator is chosen from a group comprising, preferably con-
sisting of, a defective or worn out bearing for the output
member; defective or worn out output gearing; defective
actuator mounting; defective motor; defective motor
bearing; defective connection to the flow regulator; de-
fective return spring; defective supercapacitor for pow-
ering actuation to a predetermined position in the event
of power loss; defective battery for powering actuation
to a predetermined position in the event of power loss;
defective electronic circuitry.
[0017] In addition to the sensors associated with the
actuator, in some embodiments, the HVAC system fur-
ther comprises one or more sensors chosen from the

group comprising, preferably consisting of, temperature
sensors; humidity sensors; flow sensors; air speed sen-
sors; air/fluid quality/pollution sensors; viscosity sensors;
concentration sensors; optical sensors (for example,
CCD sensors or cameras). By way of example, optical
sensors may monitor the operating state and/or condition
of the flow regulator, and/or may monitor pollution and/or
contamination of the medium in the flow path).
[0018] Such sensors can provide additional informa-
tion to the controller relating to temporal parameters that
may influence operation characteristics of the flow reg-
ulator and/or the actuator. For example, temperature
and/or pressure and/or fluid contamination can influence
the manner in which the regulator operates. Providing
such information to the controller may facilitate the con-
troller compensating for such parameter variations in de-
termining an actual or forthcoming malfunction.
[0019] Additionally or alternatively, in some embodi-
ments, in step iii., the actual or forthcoming malfunction
is determined while taking into account as a corrective
compensation:

- the flow rate of the medium through the flow regula-
tor; or

- the temperature at which the actuator is operating,
preferably the temperature of the motor of the actu-
ator; or

- the temperature of the fluid in the flow path of the
flow regulator or

- history of actuator torques and/or actuator temper-
atures; and combinations thereof.

[0020] Additionally or alternatively, in some embodi-
ments, historical information may be recorded to judge
a service age of the flow regulator and/or the actuator.
For example, in some embodiments, the cycle number
and/or the count of direction changes and/or the aggre-
gate operating time and/or the aggregate travel of the
flow regulator; and/or the cycle number and/or the count
of direction changes and/or the aggregate operating time
and/or the aggregate travel of the actuator is recorded.
[0021] A variety of techniques may be used to deter-
mine and discriminate actual and forthcoming malfunc-
tions.
[0022] In some embodiments, in step iii.

- a reference torque curve or current curve of the ac-
tuator per se without the flow regulator; and/or

- a reference curve associated with the flow regulator
per se without the actuator; and/or

- a reference torque curve or current curve of the ac-
tuator when operatively connected with the flow reg-
ulator; is used to determine an actual or forthcoming
malfunctioning.

[0023] Use of a reference torque curve or current curve
of the actuator per se without the flow regulator can pro-
vide useful baseline information to the controller about
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the characteristics of just the actuator without any influ-
ence of the flow regulator. This may facilitate identifying
and discriminating malfunctions (actual and/or forthcom-
ing) associated with the actuator.
[0024] Similarly, use of a reference curve associated
with the flow regulator per se without the actuator can
provide useful baseline information to the controller about
the characteristics of the just the flow regulator without
any influence of the actuator. This may facilitate identi-
fying and discrimination malfunctions (actual and/or
forthcoming) associated with the flow regulator.
[0025] Similarly, a reference torque curve or current
curve of the actuator when operatively connected with
the flow regulator provides baseline information of how
both units perform together, which is the operating con-
dition that will normally be evaluated by the method.
[0026] Additionally or alternatively, in some embodi-
ments, in step ii.

- the torque profile and/or the current profile while the
flow regulator is being actuated or actuation is being
released; and/or

- the position of the output member over time while
the flow regulator is either being actuated or actua-
tion is being released; and/or

- an integral calculated from the torque profile and/or
the current profile while the flow regulator is being
actuated or actuation is being released; and/or

- the position of the output member at a maximum
torque and/or at a maximum current and/or at a max-
imum calculated derivative of torque and/or at a max-
imum calculated derivative of current; and/or

- the position of the output member in an open and/or
closed position of the flow regulator; and/or

- the position of the output member at maximum
torque and/or a maximum current; and/or

- the derivative or torque and/or current when the flow
actuator is close to an open and/or closed position;
and/or

- the variance of torque and/or current in a predeter-
mined operating range; and/or

- return time for a return mechanism to operate in a
self-returning valve;
is recorded.

[0027] References above to the actuator being re-
leased refer to actuators of a type configured, in response
to power loss, to move the output member to a predeter-
mined operative position. The predetermined position
may, for example, correspond to an open position of the
flow regulator, a closed position of the flow regulator, or
some intermediate position. Upon power loss, the actu-
ator is said to be being released, and the output member
is driven to the predetermined position. For example, the
actuator may comprise a spring (e.g. a return spring) to
drive movement, or the actuator may comprise a reserve
power source, for example, a supercapacitor or a battery,
to provide reserve power to perform the actuation.

[0028] References above to a derivative refer to per-
forming a mathematical derivative function indicative of
rate of change (e.g. a differentiation). References above
to an integral refer to performing a mathematical integra-
tion function indicative of accumulation or aggregation.
[0029] Additionally or alternatively, in some embodi-
ments, in step iv., hysteresis of the actuator and/or lever
mechanism (if present) is used to distinguish between a
malfunctioning of the actuator and the flow regulator.
Hysteresis can provide a useful tool for discrimination,
because hysteresis is a feature principally of parts other
than the flow regulator (namely, for example, the actuator
and/or lever mechanism (if present)). The actuator and/or
lever mechanism may even be designed to have exag-
gerated hysteresis, if desired, to provide a greater win-
dow for detecting fault parameters associated parts other
than the flow regulator.
[0030] The controller may optionally be a device that
is local to and/or associated uniquely with the respective
actuator. For example, the controller may be provided
with the actuator, and/or integrated with the actuator,
and/or contained within the same housing as the actua-
tor. Such a local controller may optionally be in operative
data communication with a system- or group- controller
with control for multiple flow regulators.
[0031] Alternatively, the first-mentioned controller may
be a controller that is operatively connected to and/or in
operative communication with respective actuators for
multiple flow regulators, for controlling multiple flow reg-
ulators according to the method described herein.
[0032] A closely related second aspect provides a
method of setting-up an HVAC system, optionally for op-
eration according to any of the method steps of the first
aspect, the method wherein the HVAC comprises:

- at least one flow regulator comprising an actuatable
element for regulating fluid flow in a fluid path;

- an electro-mechanical actuator associated with the
flow regulator, to actuate the flow regulator, wherein
the actuator comprises an electric motor driving a
movable output member;

- one or more sensors associated with each actuator,
wherein the sensors are chosen from the group con-
sisting of load sensors, force sensors, torque sen-
sors, current sensors, voltage sensors, power sen-
sors, speed sensors and position sensors;

- a controller operatively connected with the actuator
and the sensor(s);

wherein the method comprises the steps of:

i. actuating the flow regulator; and/or
ii. actuating the actuator per se, without the output
member being operatively connected to the flow reg-
ulator;
iii. receiving signals from the one or more sensors
during step i. and/or ii.;
iv. determining an actual or forthcoming malfunction-
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ing, based on the signals received in step iii.;
v. indicating said actual or forthcoming malfunction-
ing;

characterized in that it is distinguished in step v. between
an actual or forthcoming malfunctioning of:

- the actuator; and

- the flow regulator.

[0033] Optionally, the method further comprises step

- providing user guidance as to how the malfunction-
ing can be overcome, based on the signals received
in step iii.

[0034] A closely related third aspect of the disclosure
may relate to providing an HVAC flow regulator actuator
as a unit that is useful for manufacturers to incorporate
into or with an HVAC fluid flow regulator, and optionally
provides functionality for any of the methods described
above.
[0035] Accordingly, a third aspect of the disclosure pro-
vides a method comprising:

- Obtaining an actuator unit, the actuator unit compris-
ing:

- an electro-mechanical actuator comprising an
electric motor for driving a movable output mem-
ber for transmitting mechanical movement from
the actuator;

- one or more sensors associated with the electro-
mechanical actuator, wherein the sensors are
chosen from the group consisting of load sen-
sors, force sensors, torque sensors, current
sensors, voltage sensors, power sensors,
speed sensors and position sensors; and

- a controller operatively connected with the elec-
tro-mechanical actuator and the sensor(s),

- Assembling the actuator to a flow regulator, the flow
regulator comprising an actuatable element for reg-
ulating fluid flow in a fluid path in response to move-
ment of the actuator output member; and

- Operating the controller to register and/or record in-
formation about operating characteristics of the ac-
tuator operating the flow regulator after assembly,
optionally before and/or after installation in an HVAC
system, based at least on signals from at least one
of the one or more sensors.

[0036] With this method, the controller may register in-
formation necessary for the controller subsequently to
use for determining an actual or forthcoming malfunction.
Optionally, the information may facilitate distinguishing

between a malfunction (actual or forthcoming) of: the ac-
tuator unit; and the flow regulator.
[0037] The method may further comprise operating the
controller to register and/or record information about op-
erating characteristics of the actuator and the flow regu-
lator before and/or after installation into a HVAC system,
based at least on signals from at least one of the one or
more sensors. Such a further step, if used, may replace
and/or update the information about the operating char-
acteristics of the actuator and the flow regulator, to reflect
changes once in situ in the HVAC system.
[0038] Preferably, the method may further comprise:

- Actuating the flow regulator;
- Receiving signals from the one or more sensors;
- Determining an actual or forthcoming malfunction

based on the signals received from the sensor(s)
and, directly or indirectly, on information obtained
from the preceding registration step(s),
wherein the step of determining comprises distin-
guishing between an actual or forthcoming malfunc-
tion of: the actuator; and the flow regulator.

[0039] Although certain features have been highlight-
ed above and in the appended claims, protection is
claimed for any novel feature or idea described herein
and/or illustrated in the drawings whether or not empha-
sis has been placed thereon.

Brief Description of the Drawings

[0040]

Fig. 1 is a schematic block diagram showing the func-
tional blocks of electronically controlled flow regula-
tors in an HVAC system.

Fig. 2 is a schematic graphical representation of a
torque curve for a flow control device used in Fig. 1.

Fig. 3 is a more detailed schematic graphical repre-
sentation of a torque curve similar to Fig. 2.

Fig. 4 is schematic illustration showing an influence
of seal behaviour on a torque curve.

Fig. 5 is a schematic illustration showing a first ex-
ample of influence of flow regulator wear on a torque
curve.

Fig. 6 is a schematic illustration showing a second
example of influence of flow regulator wear on a
torque curve, specifically a damper bearing becom-
ing defective.

Fig. 7 is a schematic illustration showing how differ-
ent behaviour when a flow regulator reaches an open
position, influences a torque curve.
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Fig. 8 is a schematic illustration showing influence
of actuator wear on the torque curve.

Fig. 9 is a schematic illustration showing influence
of running-in of an actuator on a torque curve.

Fig. 10 is a schematic flow diagram showing infor-
mation processing steps and modules for detecting
malfunctions based on a data model and inputs re-
ceived from sensors.

Fig. 11 is a schematic diagram show key perform-
ance information, and how the information is used
in a diagnosis module to detect malfunctions.

Fig. 12 is a schematic graphical illustration showing
a first group of parameters in a first example of flow
control device testing.

Fig. 13 is a schematic graphical illustration showing
a second group of parameters for the first example
in Fig. 12.

Fig. 14 is a schematic illustration showing diagnosis
based on the parameters of Figs. 12 and 13, using
the diagram of Fig. 11.

Fig. 15 is a schematic graphical illustration showing
a first group of parameters in a second example of
flow control device testing.

Fig. 16 is a schematic graphical illustration showing
a second group of parameters for the second exam-
ple in Fig. 15.

Fig. 17 is a schematic illustration showing diagnosis
based on the parameters of Figs. 15 and 16, using
the diagram of Fig. 11.

Fig. 18 is a schematic flow diagram similar to Fig. 10
with an enhancement to accommodate information
relation to temporal changes.

Fig. 19 is a schematic illustration showing influence
of temperature on a torque curve.

Fig. 20 is a schematic illustration showing influence
of fluid pressure on a torque curve.

Fig. 21 is schematic flow diagram similar to Fig. 18
showing a further enhancement with adaptive anal-
ysis.

Fig. 22 is a schematic block diagram illustrating
processing modules for use in the flow diagram of
Fig. 21.

Figs. 23a and 23b are respective upper and lower

halves of a schematic flow diagram illustrating steps
of manufacture through to commissioning and test-
ing flow control devices.

Detailed Description of Preferred Embodiments

[0041] Non-limiting embodiments of the disclosure are
now described, by way of example only, with reference
to the accompanying drawings. The same reference nu-
merals are used to denote corresponding features,
whether or not described in detail.
[0042] Referring to Fig. 1, at least one electronically
controlled flow control device 12 is shown as part of an
HVAC system 10, for controlling fluid flow within a fluid
path of the HVAC system. To avoid cluttering the dia-
gram, Fig. 1 does not show the fluid path or other details
of the HVAC system 10, only the features relevant to
understanding the present disclosure. Preferably, plural
devices 12 are provided. The fluid may be liquid and/or
gas. Example liquids may include water and/or glycerol.
Example gases include air.
[0043] In some of the embodiments, the device 12 may
be, or is illustrated in the form of, a fire damper. As ex-
plained above, a fire damper is a safety device installed
in an HVAC ventilation passage. In the event of a fire,
the fire damper closes to seal off the passage, and avoid
fire and smoke spreading via the HVAC system. Howev-
er, references herein to fire dampers are merely by way
of example, and are to be understood as also extending
to other types of fluid control device 12, for example but
not limited to, smoke control dampers.
[0044] Each device 12 may generally comprise a flow
regulator 16. The flow regulator 16 may be any device
for adjusting an orifice through which fluid flows, for ex-
ample, a damper, a flap, a valve, etc. The flow regulator
16 comprises an actuatable element 18 in the fluid path,
for example, in the form of one more damper blades, a
valve ball, valve plug, valve flap, etc.
[0045] Each device 12 may further comprise an elec-
tro-mechanical actuator 20 associated with the flow reg-
ulator 16 for actuating physical movement of the regulator
16. The actuator 20 may comprise an electric motor 22
or other primary driver driving a movable output member
24 (shown merely schematically in Fig. 1). Optionally, a
transmission 26, e.g. a geared transmission, couples a
rotor of the motor 22 to the output member 24. In one
example, the output member 24 comprises a rotary mem-
ber that is movable about an axis through a range of
about 90°.
[0046] The output member 24 is coupled directly or
indirectly to the actuatable element 18 of the flow regu-
lator 16. In some embodiments, a lever mechanism 28
operatively links the output member 24 to the actuatable
member 18, but other types of mechanism, or direct or
indirect couplings may alternatively be used as desired.
[0047] The actuator 20 may optionally further comprise
a self-positioning device 30 for setting or returning the
output member 24, and hence the flow regulator 18, to
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a predetermined reference position when power is re-
moved from the actuator device 12. For example, the
reference position may be a fully closed position, or a
fully open position. In some embodiments, the device 30
may comprise a mechanical energy storage device, such
as a spring, that urges the output member 24 to the ref-
erence position. In other embodiments, the device 30
may comprise an electrical energy storage device, such
as a battery or a supercapacitor, for providing reserve
power to the actuator 20 to move automatically to the
predetermined reference position.
[0048] The actuator 20 further comprises a controller
32 for driving the motor 22 to effect instructed movements
of the regulator. The controller 32 also receives signals
from one or more sensors 34 associated with the actuator
20, optionally associated with the motor 22. Sensing pa-
rameters at the motor 22 may be technically easier to
implement. The sensors 34 may include one or more
chosen from the group consisting of load sensors, force
sensors, torque sensors, current sensors (I), voltage sen-
sors (V), power sensors, speed sensors, position sensors
(Pos) and temperature sensors (°T).
[0049] The sensors 34 may be physical sensors for
directly sensing a parameter, and/or virtual sensors for
deriving a value of a sensed parameter from other meas-
urements. For example, a position sensor may derive a
calculated position from an aggregate of position incre-
ments sensed by an increment sensor. A position of the
output member 24 may also be calculated from an equiv-
alent position of the motor rotor shaft by taking into ac-
count hysteresis or backlash in the transmission 26. For
example, hysteresis may account for about 5° of position
rotation. An operating range of 0-95° determined at the
rotor shaft may correspond to actual movement of the
output member 24 in a range of 0-90°. The initial 5° of
rotor motion is lost in hysteresis. The remaining range of
5-95° determined at the rotor shaft thus corresponds to
the 0-90° movement of the movable member 24.
[0050] Depending on the motor 22, and for example a
vector controlled motor, it may also be possible to derive
position and/or torque measurements from signals in-
duced by spatial magnetic conductivity fluctuations in the
motor 22. Such a technique is described, for example, in
WO-A-99/39430.
[0051] The controller 32 may also receive signals from
one or more external sensors 36. The external sensor(s)
36 may, for example, be associated with the flow regu-
lator 18, or with a different part of the HVAC system, or
with the building or other installation in which the HVAC
system is implemented. The external sensor(s) 36 may,
for example, sense fluid flow, fluid speed, fluid pressure
in the fluid path, and/or temperature, and/or a degree of
contamination or pollution of the fluid in the fluid path,
and/or an actual operating position of the actuatable el-
ement 18.
[0052] The sensors 34 (and 36) may be of one or more
different types including, for example, optical sensors,
sonic sensors, and magnetic sensors.

[0053] The flow control device 12 is responsive to com-
mands from a system controller 38 with which the or each
control device 12 is in operative communication via a
communication channel, which may be wired and/or op-
tical and/or wireless.
[0054] Also illustrated in Fig. 1 is a remote data
processing system 40, which may be in operative com-
munication with the actuator controller 32 and/or the
HVAC system controller 38, optionally via portable ap-
paratus 42 (described later) or via one or more commu-
nication channels independent of portable apparatus 42.
The communication may, for example, be via an internet
address and/or internet communication protocol, or other
network or direct communication. The remote data
processing system 40 may be a so-called cloud system
or service. The connection may be permanent or it may
be occasional, for example, on-demand. The connection
may be wired, and/or optical and/or wireless.
[0055] A feature of this embodiment is the ability to
automatically diagnose a malfunction of the device 12,
whether an actual or forthcoming malfunction of the de-
vice 12, based on the signals sensed by the sensors 34
(and optionally 36). The diagnosis may also include dis-
tinguishing whether the malfunction (actual or forthcom-
ing) is in the actuator 20 or the flow regulator 16. This
can facilitate the task of corrective action to repair or mit-
igate the malfunction. Depending on whether the fault is
caused by the flow regulator, or by the actuator, the ap-
propriate specialist for the respective unit can repair, re-
place, or perform other maintenance on the appropriate
unit. Diagnosis of a forthcoming malfunction can permit
timely inspection and maintenance to prevent the mal-
function actually occurring.
[0056] The diagnosis may be performed by the actua-
tor controller 32, and/or by the HVAC system controller
38 and/or by the remote processor 40.
[0057] Diagnosis is performed based on a data model
48 representing the device 12 and/or device perform-
ance. The data model 48 may best be understood by
referring firstly to a performance curve (Fig. 2) represent-
ing variation of a characteristic during a cycle to open
and close the flow regulator 16. The performance curve
may be a load curve, such as a force curve or a torque
curve. In the illustration, the performance curve is a
torque curve 50, although it is to be understood that ref-
erences herein to torque are to be understood as applying
equally to load and/or force characteristics. Torque may
be measured or calculated, or it may be assumed to be
proportional to the current flowing through the motor 22.
However, other performance curves (e.g. speed, voltage,
power, etc) may be used additionally or alternatively, as
desired. Also, although the performance curve is repre-
sentative of operation in a fire damper, the same princi-
ples may be used for other types of flow regulator. Fig.
3 highlights certain characteristics derivable from the per-
formance curve of Fig. 2. At least one, preferably some,
more preferably a majority, and optionally all, of these
characteristics may be useful for the data model 48.
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[0058] Referring to Fig. 2, a technique of the present
disclosure is to divide the performance (e.g. torque) curve
50 into certain operating windows or zones. Each window
represents a phase of operation in which associated pa-
rameters can track how the actuator 20 and the flow reg-
ulator 16 are behaving, and can reveal actual or forth-
coming faults.
[0059] A first window (or "hysteresis" window) 52 is
when the motor 22 starts turning, from a 0° rotational
positon. Mechanical backlash or hysteresis in the trans-
mission 26 may result in the motor rotor turning up to
about 5° without significant movement of the output mem-
ber 24. Referring to Fig. 3, during this window, the torque
is relatively low, and may be referred to as the "minimum
torque" that is generated by the motor 22 during the cycle.
The torque curve is influenced primarily by the condition
of the actuator 20, ie. by the motor 22 and the transmis-
sion 26. This window may be represented by one or more
of: angular position information of the first window (e.g.
one or more of: start position, end position, angular
width); and/or torque information defining the torque dur-
ing the window (e.g. max torque and/or mean torque).
[0060] Referring to Figs. 2 and 3, during a second win-
dow ("seal opening" window) 54, the output member 24
begins to move and cause the flow regulator 16 to begin
to open. A seal of the flow regulator 16, creates additional
friction during this opening movement, and the torque
rises to a local peak 56 before dropping back down to a
modest level once the seal has opened. One example of
such a seal is a lip-seal that has to be forced to flip-over
on itself when moving away from the closed condition,
re-suiting in a pronounced peak 56. During this second
window, the rotor may turn from about the 5° position to
about the 20° positon. The local peak 56 results from the
action of the seal, and provides an indication of seal con-
dition. For example, Fig. 4 illustrates an effect of the seal
weakening or failing to operate, which may reduce the
height of the local peak 56, and shift the angular position
of the peak 56. The second window may be represented
by one or more of: angular position information of the
second window (e.g. one or more of: start position, end
position, angular width); and/or information about the na-
ture of the peak (e.g. peak height, angular position of the
local maximum within the second window, a mathemat-
ical integration of the peak curve, which provides an in-
dication of the area under the peak).
[0061] During a third window ("progressive" window)
58, the torque variation remains generally uniform as the
motor 20 drives the flow regulator progressively towards
fully open. In this example, where the actuator includes
a spring ("return spring") 30 to return the flow regulator
to a closed position when power is cut-off, the torque
increases linearly modestly as the motor works to com-
press/extend the return spring 30. The motor rotor turns
from about the 20° position to an about 85° position. The
third window 58 corresponds to the main movement
range of the actuator 20 and the flow regulator 16. The
torque generally rises progressively modestly throughout

the window, and any scattering of the torque (e.g. stand-
ard deviation), which may be a sign of bearing condition,
is most evident in this window. The third window may be
represented by one or more of: angular position informa-
tion of the third window (e.g. one or more of start position,
end position, angular width); and/or scattering informa-
tion (e.g. standard deviation about mean); and/or curve
shape information (e.g. max torque value and/or corre-
sponding angular position). Scattering may be evaluated
by sampling, for example, about 100 data points within
the window, and calculating a standard deviation. The
standard deviation may be a single value for the window
58 as a whole, or for a representative segment 58a of
the window 58, or the window 58 may be sub-divided into
multiple segments, and a standard deviation calculated
for each segment. As can be seen in Fig. 3, the minimum
torque is expected at the start of the window, and the
max torque is expected at the end of the window. Figs.
5 and 6 illustrate how a faulty flow regulator 16 may in-
fluence the torque in the second window. Fig. 5 illustrates
a worn valve bearing unable to properly support the forc-
es applied by the actuator 20. The seal peak 56 may be
displaced, and the torque curve in the third window is
non-linear. Fig. 6 illustrates a worn valve requiring in-
creased torque 66 towards the end of travel in the third
window, also resulting in a non-linear torque character-
istic.
[0062] Referring to Fig. 3, the actual torque at the end
of the third window may also be registered, whether or
not this is the absolute maximum. A difference between
the initial torque at the start of the first window 52, and
the final torque at the end of the third window 58, is also
indicative of the amount of energy stored in the return
spring 30, and hence of the condition of the spring 30.
This value may be referred to as a "rise feather".
[0063] Thereafter, during a fourth window ("open stop"
window) 60, the flow regulator 16 reaches the fully open
position, and comes to a hard stop. The torque increases
abruptly almost with a step change impulse characteristic
as the motor 20 stalls. This phase of operation may cor-
respond to the rotor turning from about the 85° position
to about 95°. The abruptness of the stop may also indi-
cate the condition of the flow regulator 16 and the cou-
pling 28 to the actuator. In case of the actuator member
18 being obstructed before full opening, or in case of the
coupling 28 becoming worn or weak, movement tends
to slow more progressively before coming to a complete
stop. For example, the coupling 28 may deform slightly
under the stop load. The torque curve will then have a
less abrupt slope, especially at the start of the fourth win-
dow 60, as illustrated for example in Fig. 7 at 68. The
fourth window may be represented by one or more of:
angular position information of the fourth window (e.g.
one or more of start position, end position, angular width);
and/or slope information of the torque curve (e.g. a math-
ematical derivative and/or differential value indicative of
gradient) .
[0064] The difference in angular position from the start
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of the first window 52 to the end of the fourth window 60,
also provides a total travel indication of the actuator 20
moving from closed to open.
[0065] The total time duration from the start of the first
window 52 to the end of the fourth window 60, provides
additional significant information about how quickly the
control device 12 operates.
[0066] The torque curve is also illustrated to include a
fifth window ("return" window) 62 corresponding to the
spring 30 returning the driver member 24 and the flow
actuator 16 to the fully closed position when the power
is cut-off from the motor 20. During the fifth window 62,
the torque curve becomes negative as the spring drives
movement of the motor 20, inducing a generated current
and voltage in the motor. The time duration to complete
the self-return provides an indication of the condition of
the spring 30 and/or a degree of friction in the actuator
20 and the flow regulator 16. The voltage or current in-
duced in the motor 20 during the return can also provide
an indication of the degree of uniformity of the return
speed. The fifth window may be represented by one or
more of: time information representing the self-return
time; voltage and/or current information representing the
return path characteristics.
[0067] Figure 3 also indicates a maximum permissible
torque threshold 64 set for the control device 12. The
threshold 64 represents a safety limit that ought not to
be exceeded in normal use of the control device 12, not-
withstanding the momentary impulse upon the flow reg-
ulator 16 reaching maximum open, which triggers the
controller 32 to stop the actuator 20 at that point. For
example, Fig. 8 illustrates a faulty actuator 20 that, due
to increased friction or bearing wear over time, requires
greater torque generation to drive the flow regulator, ul-
timately (at 70) exceeding the maximum threshold 64
after, for example, around one hundred thousand oper-
ating cycles.
[0068] Fig. 3 also shows variation in the torque curve
50 depending on when the torque curve 50 is taken. A
preferred feature of the present disclosure is that per-
formance information is registered at different production
and installation stages of the control device 12. The data
model 48 may be based on, and/or comprise, perform-
ance information registered at these different stages.
[0069] For example, a first torque curve 50a is shown
for the actuator 20 measured before it is mated with, or
assembled to, the flow regulator 16. This can provide
information associated with the actuator 20 per se inde-
pendent of the influence of the flow regulator 16. It can
be seen in Fig. 3 that the first curve 50a is absent the
local peak 56, and information registered from the first
curve 50a provides a view into pure actuator behaviour
even outside the hysteresis window 52.
[0070] A second torque curve 50b is shown for the ac-
tuator after manufacture and assembly with the flow reg-
ulator 16. It can be seen in Fig. 3 that the second curve
50b includes a relatively pronounced local peak 56, in
contrast to the first curve 50a. Information registered from

the second curve 50b provides a view into the perform-
ance of the actuator 20 and flow regulator 16 together,
when new.
[0071] A third torque curve 50c is shown for the device
12 after it is installed in an HVAC system, and after a
certain number of operating cycles to allow the parts to
run-in. It can be seen in Fig. 3 that this third curve 50c is
generally lower than the second curve 50b when new.
Running-in of the parts reduces friction in the actuator
20 and flow regulator 16. Also lubrication grease within
the transmission 30 may be relatively viscous or gummy
when new. Running-in reduces the viscosity of the
grease, also contributing to reduced friction. Fig. 9 also
illustrates at 72 the reduction in torque with increasing
operating cycle count, as the actuator 20 runs-in.
[0072] Referring to Figs. 10 and 11, the information
discussed above derived from the performance curve(s)
is/are referred to as KPI (key performance indicator) 80.
Fig. 10 is a schematic map showing processing steps or
modules for processing KPI for analysis. Fig. 11 is a table
indicating how different KPI parameters can be interpret-
ed to distinguish between malfunctions of the actuator
20 (left column) and flow regulator 16 (right column) .
[0073] Referring to Fig. 10, the KPI 80 is obtained at
three different stages 82 of manufacture and installation
discussed above, namely (i) for the actuator 20 alone
prior to assembly to the flow regulator 16; (ii) for the ac-
tuator 20 and flow regulator 16 together after assembly;
and (iii) for the control device 12 once installed in an
HVAC system, and optionally after a period of running-
in. Additionally or alternatively, KPI may be obtained for
the control device during, or immediately after, or shortly
after installation in an HVAC system, so that any changes
or effects of the installation on the control device 12 may
be taken into account (e.g. even before running in) com-
pared to the control device 12 as new. Optionally, char-
acteristics may be measured for the control device 12
immediately before installation. This can enable effects
such as distortion of the fluid flow path by the duct to be
accounted for.
[0074] The KPI 80 forms at least part of the data model
48. In order to diagnose current performance, either dur-
ing a dedicated test run or during normal operation of the
HVAC system, current values of KPI parameters are cal-
culated from the signals supplied by the sensors 34 (and
optionally 36) during a partial or complete open-close
cycle commanded by the controller 32. Also, KPI from
one or more previous runs are used in the form of histor-
ical data, optionally a weighted average, to enable track-
ing of changes and/or trends in the KPI. The previous
KPI and/or weighted average may be stored as part of
an evolving data model, or as separate information.
[0075] Referring to Fig. 11, the KPI 80 in the data model
may comprise one or more (optionally at least some
and/or at least a majority, and/or all) of:

84 : first torque information (e.g. max torque) asso-
ciated with the first window 52 (e.g. associated with
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actuator hysteresis) .
86 : second torque information (e.g. peak torque 56)
associated with the second window 54 (e.g. associ-
ated with the seal).
88 : third torque information (e.g. max torque) asso-
ciated with the third window 58 (e.g. associated with
the progressive opening of the flow regulator).
90 : fourth torque information associated with a dif-
ference between the torques at the start of the first
window and at the end of the third window (e.g. as-
sociated with the energy stored in the spring 30).
92 : fifth torque information associated with scatter-
ing of the torque during the third window (e.g. a cal-
culated standard deviation).
94 : sixth torque information associated with a cal-
culated integral of the peak 56 in the second window.
96 : full-travel range information associated with the
operational range of movement of the control device
12, for example, based on the angular range or dif-
ference between the start of the first window 52, and
the end of the fourth window 60.
98 : time formation associated with the time duration
for the fifth window 62 (e.g. the return time to return
from open to closed under the force of the spring 30).

[0076] Optionally, the KPI may further include seventh
torque information (not shown) associated with a calcu-
lated gradient of the slope at the start of the fourth window
62 (e.g. associated with indications of how the flow reg-
ulator 16 stops at its open position) .
[0077] Referring to Fig. 10, at 102, the current KPI is
compared with certain thresholds in the data model to
see whether certain safety limits are being exceeded,
namely:

(i) whether the torque (or a maximum value of the
torque) during one of the windows exceeds or ap-
proaches the maximum permissible torque threshold
64. In the current example, it is determined whether
the torque exceeds a certain fraction, e.g. 95%, of
the permissible threshold 64 for the purposes of gen-
erating a warning. Such high torque values indicate
increased friction or other resistance to movement
that should be checked by inspection. A warning of
excessive torque, without other indicators, may be
associated with a malfunction of the actuator 20.
(ii) Whether the total travel distance or angle (e.g.
from closed to open) has changed significantly com-
pared to the historical total travel. For example, it
may be determined whether the total travel has in-
creased or decreased by more than a certain pro-
portion compared to the historical total travel infor-
mation and/or compared with similar travel informa-
tion from other flow control units 12 (which may be
included in the data model and/or supplied as exter-
nal information). Any change to the total travel, be-
yond modest changes, may indicate a malfunction.
Reduced travel may indicate that the flow regulator

16 is failing to open or close completely. Increased
travel may mean that the flow regulator 16, its seal,
the coupling 28, or the actuator 20 is failing.
(iii) Whether the return time duration (e.g. time infor-
mation 98) exceeds a certain limit threshold, for ex-
ample, about 25 seconds. A longer return time may
indicate increased friction, or that the return spring
30 of the actuator 20 is failing. It may also be relevant
to safety criteria for the flow control device 12 in the
event of a fire emergency, namely that the flow reg-
ulator 16 should always move to the closed position
within a certain permitted time limit.

[0078] At 104 (Fig. 10), the current KPI are further an-
alysed to determine trends in the KPI compared to his-
torical KPI, and optionally compared to predicted KPI
(discussed later). For example, the analysis may concern
one or more or all of:

(i) Whether the first "hysteresis" window 52 is chang-
ing in size, for example, whether the angular width
increases. Changes to the first hysteresis window
52 may indicate that the actuator 20 is currently or
becoming defective. Optionally it may be determined
whether an increase in angular width of the first win-
dow is accompanied by similar increases in width of
other windows.
(ii) Changes for the local peak 56 relating to the seal,
for example, changes in the height and/or angular
position and/or calculated integral of the peak 56.
(iii) Whether a trend (88, Fig. 11) for the maximum
torque is increasing abnormally. It may also be de-
termined whether the torque is predicted to exceed
the maximum permissible torque 64 within a certain
timeframe or usage period, which may also be an
issue with the actuator 20.
(iv) Whether the standard deviation (92 in Fig. 11)
increases unusually in one or more areas, for exam-
ple, in the third window 58. An increase in standard
deviation may indicate wear, for example, in the ac-
tuator 20.
(v) Whether the gradient calculated for the fourth win-
dow 60 is changing.
(vi) Whether the spring return value (90 in Fig. 11)
calculated from the difference between torque val-
ues is changing.
(vii) Whether the angular range of travel (96 in Fig.
11) is changing.
(viii) Whether the return time (98 in Fig. 11) of the
fifth window 62 is changing, especially increasing
significantly.

[0079] The above analysis and diagnosis may be im-
plemented by suitable automated techniques, for exam-
ple, by one or more of machine learning, a neural net-
work, a fuzzy logic network, an artificial intelligence sys-
tem. Parameters may be evaluated in combination to re-
fine a distinction between whether a malfunction (actual
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or forthcoming) is present in the actuator 20 or in the flow
regulator 16.
[0080] Fig. 11 illustrates values and trends of the KPI
parameters 80 that, in isolation and/or in combination,
characterise performance of the flow control device 12,
and that can reveal or diagnose actual and forthcoming
malfunctions. In Fig. 11, the left column identifies val-
ues/trends associated with malfunction of the actuator
20, and the right column identifies values/trends associ-
ated with malfunction of the flow regulator 16. Upward
arrows indicate values increasing. Horizontal arrows in-
dicate that changes in value are not expected and/or are
not relevant. Multi-direction arrows indicate that any
change in value may be relevant. Although a single set
of trend values is illustrated, multiple trends associated
with a variety of malfunctions in the actuator and/or the
flow regulator may optionally be provided or learned by
machine learning. Different trends may optionally refer
to differing sets or sub-sets of the KPI parameters 80.
[0081] Figs. 12-17 illustrate how KPI parameters 80
may be interpreted in actual testing to diagnose malfunc-
tions.
[0082] In a first example, the manner in which param-
eter values vary with usage (represented by cycle count)
is depicted in Figs. 12 and 13. The cycle count is indicated
on the abscissa. Each parameter line is denoted by the
same reference numeral used in Fig. 11. In particular,
Fig. 12 shows the variation in the maximum torque infor-
mation 88 from the third window 58; variation in standard
deviation 92 represented by broken lines neighbouring
line 88; variation in return time 98 from the fifth window
62; and variation in the hysteresis torque 84 from the first
window 52. Fig. 13 shows the variation in the range in-
formation 96; variation in the spring torque (rise feather)
90; and variation in the integral 94 of the seal peak 56.
[0083] Referring to Fig. 12, a first indication of a fault
is apparent from the abnormal excursion 110 of the return
time 98 at a cycle count of about 80K. Additional excur-
sions of the return time 98 and of the maximum torque
88 are also detectable at three occurrences 112. In gen-
eral, the maximum torque 88, the return time 98, the hys-
teresis torque 84 (indicated by arrow 114), the spring
torque 90 and the integral of the seal peak 94 (both in-
dicated by arrows 116) all show a trend of increasing.
Referring to Fig. 14, these increases correspond gener-
ally to the trends indicated in the left column of the pa-
rameter table, indicative of a malfunction of the actuator
20. The forthcoming malfunction is apparent from the first
indication at about 80K cycles, although the actuator 20
may actually manifest malfunctions after about 110K cy-
cles.
[0084] In fact the parameters represented in Figs. 12
and 13 represent actual test values from a flow control
device 12 with a faulty actuator having a worn bearing.
Also notable in Fig. 12 is that the standard deviation 92
was generally stable (indicated by arrow 118), but this
does not compromise the other trends. Also notable in
Fig. 13 is an abnormal excursion (120) of the travel range

96 occurring at about 110K cycles, which also would be
an anomaly for triggering a warning.
[0085] In a second example, the manner in which pa-
rameter values vary with usage (represented by cycle
count) is depicted in Figs. 15 and 16. The cycle count is
indicated on the abscissa. Each parameter line is denot-
ed by the same reference numeral used in Fig. 11. In
particular, Fig. 15 shows the variation in return time 98
from the fifth window 62; variation in the magnitude 86
of the seal peak 56 from the second window 54; variation
in the maximum torque information 88 from the third win-
dow 58; variation in standard deviation 92 represented
by broken lines neighbouring line 88; and variation in the
hysteresis torque 84 from the first window 52. Fig. 16
shows the variation in the integral 94 of the seal peak 56;
variation in the range information 96; and variation in the
spring torque (rise feather) 90.
[0086] Referring to Figs. 15 and 16, an indication of a
fault is apparent from the abnormal excursion 122 of the
seal torque 86 and the abnormal excursion 124 of the
position range 96 at a cycle count of about 70K. The
calculated integral 94 also shows a decrease from about
70K cycles. Other parameters (e.g. max torque 88, stand-
ard deviation 92, and spring torque 90) generally remain
flat. Referring to Fig. 17, such a combination corresponds
generally to the trends indicated in the right column of
the parameter table, indicative of a malfunction of the
flow regulator 16. The forthcoming malfunction is appar-
ent even earlier, from about 65K cycles, is very apparent
at 70K cycles, and continues until the flow regulator stops
working at about 75K cycles.
[0087] In fact, the parameters represented in Figs. 15
and 16 represent actual test values from a flow control
device 12 with a faulty flow regulator 16 that was tested
until breakage. Notable in Fig. 15 (as indicated by arrow
126) is that the maximum torque and the standard devi-
ation 92 were generally stable. Also notable in Fig. 15 is
that the return time 98 also remained generally stable
until the flow actuator broke and could not travel the full
return distance.
[0088] Referring to Fig. 18, an enhancement of the
above techniques may take into account temporal influ-
ences on the KPI parameters 80. For example, temporal
influences may include one or more of:

(i) Environmental effects 128, such as:

a. Temperature. As temperature increases, the
coefficient of resistance of electrical coils in the
motor 22 also increase, making the motor less
efficient. The viscosity of lubrication grease in
the transmission 26 may reduce. The influence
of temperature may be generally to shift or offset
the performance curve with respect to the ordi-
nate axis. However, taking temperature into ac-
count, and compensating for corresponding
higher values of the performance curve, can
avoid the high values from being judged to false-
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ly exceed thresholds. For example, Fig. 19 illus-
trates at arrow 132 the performance curve shift-
ing upwardly with increasing temperature.

b. Fluid pressure. The amount of force required
for the actuator 20 to move the flow regulator 16
may depend on the pressure of fluid acting on
the flow regulator 16. Taking fluid pressure into
account, and compensating for corresponding
higher values of the performance curve, can
avoid the high values from being judged to false-
ly exceed thresholds. For example, Fig. 20 illus-
trates an effect of air current, or wind, acting on
the flow regulator 16. The varying forces on the
regulator 16 can influence the torque curve sig-
nificantly, potentially adding to the torque in
some regions, and reducing the torque below
the expected curve in other regions (see 134).

c. Pollution/contamination. In a similar manner
to temperature and pressure, the degree of im-
purities in the fluid may also influence behaviour
of the flow regulator 16, and the amount of force
required for the actuator 20 to move the flow
regulator 16. Taking pollution or contamination
into account, can avoid high torque curve values
from being judged to falsely exceed thresholds.

(ii) Aging effects 130: The operating age of the con-
trol device 12 may be recorded by, for example,
maintaining a count of the number of times the ac-
tuator 20 has been operated, and/or the total oper-
ating time duration of the motor 20, or another pa-
rameter that aggregates usage. As discussed above
in relation to Fig, 9, torque may reduce from an ini-
tially-high valve, as the actuator 20 is run-in.

[0089] Referring to Figs. 21 and 22, a further enhance-
ment of the analysis techniques may to employ an adap-
tive technique. The adaptive technique may comprise
one or both of:

(i) A predictive data model module 140 based on one
or more of:

a. Parameters derived from the current control
device 12 (e.g. measured from the actuator 20
at manufacture, and/or the actuator 20 when as-
sembled to the flow regulator 16, and/or the con-
trol device 12 once installed into the HVAC sys-
tem);
b. Parameters derived from other control devic-
es similar to the current control device 12. For
example, these other control devices may be
other devices in the same HVAC system, and/or
control devices 12 in other HVAC systems);
c. Environmental effects, for example, temper-
ature and or pressure;

d. Effects of ageing

(ii) An adaptive diagnosis module 142, adaptive in
response to fault information derived from other flow
control devices 12, optionally including environmen-
tal and ageing effects.

[0090] Such an enhanced analysis technique can be
responsive to, or driven by, data from other flow control
modules 12. The predictive data model module 140 en-
ables a data module to be generated representing how
the flow controller 12 is expected to perform, based on
information from outside the flow controller 12 itself. Sim-
ilarly, the diagnosis module 142 enables fault diagnosis
based on fault information derived from other flow control
devices 12.
[0091] Referring to Fig. 1, the predictive analysis may
be performed in the processing system 40 that is able to
receive signals from multiple flow control devices 12, op-
tionally in the same HVAC system 10, and/or optionally
in plural different HVAC systems. The controller 32 may
be operable to perform a more simple analysis on-board
the flow control device 12. The characteristics for the on-
board analysis may be updated and/or adapted accord-
ing to information available to the processing system 40,
for example, using one of the communication channels
or the portable apparatus 42.
[0092] Also, Fig. 1 shows the actuator 12 comprising
an interface module 144 communicating with or forming
part of the controller 32. The interface module 144 com-
prises a control interface 146 for interfacing with the
HVAC system controller 38, and/or a data model inter-
face 148 for receiving the data model information 48 and
storing the data model in the flow control device 12,
and/or a diagnostic interface 150 for receiving and send-
ing diagnostic information. The diagnostic information my
include the calculated KPI parameters 80, and/or signals
from the sensors 34 and 36 for remote processing, and/or
the results of diagnostic tests for identifying actual mal-
functions and/or forthcoming malfunctions, and option-
ally for discriminating between malfunctions (actual or
forthcoming) in the actuator 20 or the flow regulator 16.
[0093] Figs. 23a and 23b illustrate how the parameters
of the flow control unit 12 are set-up and used depending
on the manner of production and installation of the control
unit 12. The process is divided into sections, namely: a
first ("production") stage 160 representing production of
a new actuator 20; an optional second ("damper assem-
bly") stage 162 at which the new actuator 20 is assembled
to a new flow regulator 16, to complete manufacture of
a new flow control device 12; a third ("installation") stage
164 at which the components are physically installed into
an HVAC system; a fourth ("integration and commission-
ing") stage 166 at which the components are made op-
erational within the HVAC system; a fifth ("testing") stage
168 at which the function of the flow control device 12 is
tested and actual or forthcoming malfunctions are diag-
nosed. The process is described for a flow regulator 16
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in the form of a fire damper, as an example of a flow
control unit 12 required to meet high safety standards.
However, the same process may be applied for other
types of flow regulator 16. The terms "flow regulator" and
"damper" are substitutable one for the other, and are re-
ferred to interchangeably.
[0094] During the first production stage 160, step 201
represents manufacture of the new actuator 20, followed
by testing of the actuator 20 at step 202. During step 202,
characteristic parameters of the actuator 20 per se may
be recorded for the data model, providing a view on op-
eration of the actuator 20 alone, even outside the hys-
teresis window. The information may be recorded by es-
tablishing a birth-certificate and/or other unique identifier
for the particular actuator 20. The information may be
stored as part of the birth certificate, and/or in a separate
database accessible by means of the birth certificate. For
example, the information may be stored in the remote
processing system 40. Additionally or alternatively, infor-
mation may be inputted via the model interface 148 and
stored within the actuator controller 32.
[0095] Following production of the actuator 20, the
process may take one of three possible paths 180, 182
or 184, depending on how the actuator 20 is to be used.
[0096] A first path 180 represents the production of a
new flow control unit 12 using the actuator 20 at the sec-
ond assembly stage 162. The second assembly stage
162 may be carried out by the same manufacturer as the
first stage 160, or by a different manufacturer (for exam-
ple, in an OEM production process). Step 204 represents
the actuator 20 being assembled to the new flow regulator
16 in the form of a fire damper, to form the new unit 12.
At step 205, the assembled actuator 20 and damper (flow
regulator 16) are tested together. During step 205, char-
acteristic parameters of the actuator 20 and damper to-
gether may be recorded for the data model, providing a
view on operation of the device 12 as new. The informa-
tion may be recorded with and/or associated with the
birth-certificate. The information may optionally be stored
in the remote data processing system 40 and/or in the
actuator controller 32, in a similar manner to that de-
scribed above.
[0097] Still referring to the first path 180, the flow con-
trol device 12 is physically installed in an HVAC system
10 at the third installation stage 164. Step 206 represents
the step of installing the flow control device 12 as a com-
bined unit.
[0098] At the fourth installation/commissioning stage
166, the necessary testing and integration of the flow
control device 12 are carried out. Step 207 represents a
data processing step of allocating the flow control device
identity within the HVAC system. Step 208 represents
testing the flow control device 12 after installation. In ad-
dition to documenting correct operation, step 208 may
also include recording, for the data model, characteristic
parameters for the device 12 in its installed state. The
information may be recorded with and/or associated with
the birth-certificate. The information may optionally be

stored in the remote data processing system 40 and/or
in the actuator controller 32, in a similar manner to that
described above.
[0099] Step 209 is an optional step if the HVAC system
is newly installed in a building. A complete system test
may be carried out to verify and document correct oper-
ation.
[0100] The second path 182 is similar to the first path
180, except that the actuator 20 and the damper (flow
controller 16) are installed as separate new devices in
the HVAC system rather than being "manufactured" as
a unit. The second path 182 thus skips the second as-
sembly stage 162. Instead, at the third installation stage
164, the damper is installed at step 210 followed by the
actuator 20 at step 211.
[0101] Still referring to the second path 182, during the
fourth installation/commissioning stage 166, testing and
integration of the flow control device 12 is carried out in
a similar manner to that already described. Step 212 (sim-
ilar to step 207) represents a data processing step of
allocating the flow control device identity within the HVAC
system. Step 213 is an additional step of testing and doc-
umenting that the actuator 20 and damper function cor-
rectly together. Step 214 (similar to step 208) represents
testing the flow control device 12 as part of the HVAC
system. In addition to documenting correct operation,
step 213 and/or 214 may also include recording, for the
data model, characteristic parameters for the device 12
in its installed state. The information may be recorded
with and/or associated with the birth-certificate. The in-
formation may optionally be stored in the remote data
processing system 40 and/or in the actuator controller
32, in a similar manner to that described above.
[0102] The third path 184 is somewhat similar to the
second path 182, except that the new actuator 20 is ret-
rofitted to a damper (flow regulator 16) that is already
installed in the HVAC system, e.g. to replace a previous
defective actuator. The third path 184 thus passes direct-
ly to the third installation stage 164 in which the actuator
20 is installed with the existing damper at step 215 (sim-
ilar to step 211). The third path 184 continues to the fourth
integration/commissioning stage 166, at which process-
ing is similar to the second path 182. Step 216 (similar
to steps 207 and 212) represents a data processing step
of allocating the flow control device identity within the
HVAC system. Step 217 (similar to step 213) represents
testing and documenting that the actuator 20 functions
correctly with the damper. Step 218 (similar to steps 208
and 214) represents testing the flow control device 12 as
part of the HVAC system. In addition to documenting cor-
rect operation, step 217 and/or 218 may also include re-
cording, for the data model, characteristic parameters for
the device 12 in its installed state. The information may
be recorded with and/or associated with the birth-certif-
icate. The information may optionally be stored in the
remote data processing system 40 and/or in the actuator
controller 32, in a similar manner to that described above.
[0103] Testing stage 168 represents later testing of the
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HVAC system 10, optionally particularly the flow control
device 12. Testing may be carried out by regular checks,
for example, to comply with local laws. Additionally or
alternatively, testing may be carried out during regular
maintenance. Additionally or alternatively, the control de-
vice 12 may monitor its operating performance as part
of normal operation when the actuator 20 is commanded
to move, and/or by the HVAC system controller 38 and/or
the actuator controller 32 commanding periodic self-
checks. Step 220 represents the actuator controller 32
generating commands to cause the actuator 20 to drive
movement of the damper (flow regulator 16). Step 221
represents the controller 32 receiving signals from the
sensors 34 (and optionally 36). Step 222 represents di-
agnosis of the flow control device 12 based on the sensor
signals, to determine the presence (actual of forthcom-
ing) of a malfunction, and to distinguish whether the mal-
function is in the actuator 20 or the damper (flow regulator
16). Step 223 represents replacement and/or mainte-
nance of the actuator 20 in the event of detecting actuator
malfunction. Replacement would involve retrofitting a
new actuator 20 as above.
[0104] The fourth integration/commissioning stage
166 and/or the fifth testing stage 168 may optionally be
carried out with the assistance of the portable device 42.
The portable device 42 may be a dedicated apparatus,
or it may be a mobile computing device running applica-
tion software. The portable device 42 may communicate
with the actuator controller 32 by any local or wide-are
communication protocol. An example of a local protocol
may, for example, be NFC (near field communication)
with which the interface 144 and the mobile device 42
may both be equipped. The portable device 42 may be
configured to guide an operator through the process
steps of the fourth stage 166 and/or the fifth stage 168,
and to display results generated by the control device 12.
[0105] The portable device 42 may also be used to
access reference and performance curves stored during
the production stages of the actuator 20 and/or the damp-
er (flow regulator 16). Additionally or alternatively, the
portable device 42 may be used to access pending and/or
archived error and/or warning messages. Additionally or
alternatively, the portable device 42 may be used to ac-
cess documentation referencing the control device 12 or
one of its parts (e.g. actuator 20 and/or damper) such as
specifications, datasheets or installation instructions.
[0106] The portable device 42 may also be used to
access documentation referring to the installation site,
such as a building plan. Location or position determina-
tion of portable unit 42 may be used to enhance the in-
formation provided (e.g. by indicating the location on the
building plan).
[0107] Portable device 42 may also be used to control
access to the control device 12.
[0108] It will be appreciated that the foregoing descrip-
tion is merely illustrative of preferred embodiments of the
invention, and that many modifications and equivalents
may be used within the scope and/or principles of the

disclosure.

Claims

1. Method of controlling an HVAC system (10) compris-
ing:

- at least one flow regulator (16) comprising an
actuatable element (18) for regulating fluid flow
in a fluid path;
- an electro-mechanical actuator (20) associat-
ed with the flow regulator, to actuate the flow
regulator, wherein the actuator comprises an
electric motor (22) driving a movable output
member (24);
- one or more sensors (34) associated with each
actuator, wherein the sensors are chosen from
the group consisting of load sensors, force sen-
sors, torque sensors, current sensors, voltage
sensors, power sensors, speed sensors and po-
sition sensors;
- a controller (32) operatively connected with the
actuator and the sensor(s);

wherein the method comprises the steps of:

i. actuating (220) the flow regulator;
ii. receiving (221) signals from the one or more
sensors;
iii. determining (222) an actual or forthcoming
malfunction, based on the signals received in
step ii.;
iv. indicating said actual or forthcoming malfunc-
tion to an operator of said HVAC system;

characterized in that it is distinguished in step iv.
between an actual or forthcoming malfunction of:

- the actuator (20); and
- the flow regulator (16).

2. Method according to claim 1, wherein the HVAC sys-
tem further comprises a mechanism, optionally a le-
ver mechanism, operatively connecting the output
member with the flow regulator.

3. Method according to claim 1 or 2, wherein the actual
or forthcoming malfunctioning of a flow regulator (16)
is chosen from a group comprising, preferably con-
sisting of: a distorted damper sleeve; a worn-out
bearing; a deficiently fixed bearing; a worn-out gas-
ket; a broken damper blade; blockage of the actuat-
able element of the flow regulator.

4. Method according to any of claims 1 to 3, wherein
the actual or forthcoming malfunction of the actuator
(20) is chosen from a group comprising, preferably
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consisting of: a defective or worn out bearing for the
output member; defective or worn out output gearing;
defective actuator mounting; defective motor; defec-
tive motor bearing; defective connection to the flow
regulator; defective return spring; defective super-
capacitor for powering actuation to a predetermined
position in the event of power loss; defective battery
for powering actuation to a predetermined position
in the event of power loss; defective electronic cir-
cuitry.

5. Method according to any of claims 1 to 4, wherein
the HVAC system further comprises one or more
sensors (34, 36) chosen from the group comprising,
preferably consisting of: temperature sensors; hu-
midity sensors; flow sensors; air speed sensors;
air/fluid quality/pollution sensors; viscosity sensors;
concentration sensors; .

6. Method according to any of claims 1 to 5, wherein
the cycle number and/or the count of direction chang-
es and/or the aggregate operating time and/or the
aggregate travel of the flow regulator (16); and/or
the cycle number and/or the count of direction chang-
es and/or the aggregate operating time and/or the
aggregate travel of the actuator (20) is recorded.

7. Method according to any of claims 1 to 6, wherein in
step iii. the actual or forthcoming malfunction is de-
termined while taking into account as a corrective
compensation:

- the flow rate of the medium through the flow
regulator (16) ;
- the temperature at which the actuator (20) is
operating;
- the temperature at which the flow regulator (16)
is operating;
- history of actuator torques and/or actuator tem-
peratures
and combinations thereof.

8. Method according to any of claims 1 to 7, wherein in
step iii.

- a reference load curve or current curve (50a)
of the actuator per se without the flow regulator;
and/or
- a reference curve associated with the flow reg-
ulator per se without the actuator; and/or
- a reference load curve or current curve (50b;
50c) of the actuator when operatively connected
with the flow regulator
is used to determine an actual or forthcoming
malfunctioning.

9. Method according to any of claims 1 to 8, wherein in
step ii.

- the load profile and/or the current profile (50)
while the flow regulator is being actuated or ac-
tuation is being released; and/or
- the position of the output member over time
while the flow regulator is either being actuated
or actuation is being released; and/or
- an integral (94) calculated from the load profile
and/or the current profile while the flow regulator
is being actuated or actuation is being released;
and/or
- the position of the output member at a maxi-
mum torque and/or at a maximum current and/or
at a maximum calculated derivative of load
and/or at a maximum calculated derivative of
current; and/or
- the position (96) of the output member in an
open and/or closed position of the flow regulator;
and/or
- the derivative of load and/or current when the
flow actuator is close to an open and/or closed
position; and/or
- the variance (92) of load and/or current in a
predetermined operating range; and/or
- return time (98) for a return mechanism to op-
erate in a self-returning valve;
is recorded.

10. Method according to any of claims 1 to 9, wherein in
step iv. hysteresis of the actuator and/or lever mech-
anism is used to distinguish between a malfunction-
ing of the actuator (20) and the flow regulator (16).

11. Method of setting-up an HVAC system comprising:

- at least one flow regulator (16) comprising an
actuatable element (18) for regulating fluid flow
in a fluid path;
- an electro-mechanical actuator (20) associat-
ed with the flow regulator, to actuate the flow
regulator, wherein the actuator comprises an
electric motor (22) driving a movable output
member (24);
- one or more sensors (34) associated with each
actuator, wherein the sensors are chosen from
the group consisting of load sensors, force sen-
sors, torque sensors, current sensors, voltage
sensors, power sensors, speed sensors and po-
sition sensors;
- a controller (32) operatively connected with the
actuator and the sensor(s);

wherein the method comprises the steps of:

i. actuating the flow regulator (16); and/or
ii. actuating the actuator (20) per se, without the
output member (24) being operatively connect-
ed to the flow regulator;
iii. receiving signals from the one or more sen-
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sors (34) during step i. and/or ii.;
iv. determining an actual or forthcoming mal-
functioning, based on the signals received in
step iii.;
v. indicating said actual or forthcoming malfunc-
tioning;

characterized in that it is distinguished in step v.
between an actual or forthcoming malfunctioning of:

- the actuator (20); and
- the flow regulator (16).

12. Method according to claim 11, further comprising a
step of:

- providing user guidance as to how the malfunc-
tioning can be overcome, based on the signals
received in step iii.

13. Method, optionally according to any preceding claim,
comprising:

- obtaining an actuator unit, the actuator unit
comprising:

- an electro-mechanical actuator (20) com-
prising an electric motor (22) for driving a
movable output member (24) for transmit-
ting mechanical movement from the actua-
tor;
- one or more sensors (34) associated with
the electro-mechanical actuator, wherein
the sensors are chosen from the group con-
sisting of load sensors, force sensors,
torque sensors, current sensors, voltage
sensors, power sensors, speed sensors
and position sensors; and
- a controller (32) operatively connected
with the electro-mechanical actuator and
the sensor(s),

- assembling the actuator (20) to a flow regulator
(16), the flow regulator comprising an actuatable
element (18) for regulating fluid flow in a fluid
path in response to movement of the actuator
output member (24); and
- operating the controller (32) to register and/or
record information about operating characteris-
tics of the actuator (20) operating the flow reg-
ulator (16) after assembly, optionally before
and/or after installation in an HVAC system,
based at least on signals from at least one of
the one or more sensors (34).

14. Method according to claim 13, further comprising op-
erating the controller (32) to register and/or record
information about operating characteristics of the ac-

tuator and the flow regulator before and/or after in-
stallation into a HVAC system, based at least on sig-
nals from at least one of the one or more sensors
(34).
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